Purpose To evaluate the effect of image compression of spectral-domain optical coherence tomography (OCT) images in the examination of eyes with exudative age-related macular degeneration (AMD). Methods Thirty eyes from 30 patients who were diagnosed with exudative AMD were included in this retrospective observational case series. The horizontal OCT scans centered at the center of the fovea were conducted using spectral-domain OCT. The images were exported to Tag Image File Format (TIFF) and 100, 75, 50, 25 and 10% quality of Joint Photographic Experts Group (JPEG) format. OCT images were taken before and after intravitreal ranibizumab injections, and after relapse. The prevalence of subretinal and intraretinal fluids was determined. Differences in choroidal thickness between the TIFF and JPEG images were compared with the intra-observer variability. Results The prevalence of subretinal and intraretinal fluids was comparable regardless of the degree of compression. However, the chorio-scleral interface was not clearly identified in many images with a high degree of compression. In images with 25 and 10% quality of JPEG, the difference in choroidal thickness between the TIFF images and the respective JPEG images was significantly greater than the intra-observer variability of the TIFF images (P ¼ 0.029 and P ¼ 0.024, respectively). Conclusions In OCT images of eyes with AMD, 50% of the quality of the JPEG format would be an optimal degree of compression for efficient data storage and transfer without sacrificing image quality.
Introduction
The influence of image compression on the quality of the image has been mainly investigated in the field of radiology. Because of the marked increase in the data of medical images owing to the development of new imaging devices in radiology, the proper management of the huge amount of data has been raised as one of the important issues confronting radiology. 1, 2 Determining the optimal degree of image compression has been considered as one of the solutions. 3, 4 The recent development of high-resolution ocular imaging modalities 5, 6 raises the question of how to manage the data more efficiently, and this will be an important issue in the near future, even in the field of ophthalmology.
Spectral-domain optical coherence tomography (SD-OCT) provides high-resolution imaging that allows more detailed retinal and choroidal evaluation. 5, 7, 8 However, improvement in the resolution of the images inevitably accompanies the increase in the size of the image. In addition to the problems related to storage of data, the increased size of the image may interfere with prompt patient care based on an electronic medical record system owing to the time delay in exporting the images. The increased size of the data may also be a potential problem when conducting studies using web-based data collection. Thus, some degree of image compression will be necessary for facilitating the handling of a large amount of data.
Although the influence of image compression on the quality of fundus photography has been reported by several investigator groups, [9] [10] [11] [12] only a few studies evaluated the influence of image compression on time-domain OCT images (TD-OCT) in healthy eyes. 13 The influence of image compression on the interpretation of SD-OCT in eyes with pathologic conditions remains to be elucidated.
Exudative age-related macular degeneration (AMD) is a disorder which needs detailed evaluation of the retinal and choroidal microstructure for the establishment of proper treatment decisions. Previous studies demonstrated that a difference in the resolution of the image between the SD-OCT and the TD-OCT has a significant influence on the detection of retinal pathology associated with disease activity. [14] [15] [16] The purpose of the present study was to evaluate the influence of image compression of SD-OCT images on the imaging of eyes with exudative AMD. We additionally attempted to find the optimal degree of image compression for achieving the smallest size of the image without influencing the treatment decision.
Materials and methods
This retrospective observational case series included 30 eyes of 30 patients with exudative AMD. This study was performed at a single center according to the tenets of the Declaration of Helsinki. The study was approved by the institutional review board (IRB No. #2013-03-045).
Patients
We conducted a review of the medical records of patients who were diagnosed with exudative AMD. Images acquired via OCT scanning between January 2011 and January 2012 were analyzed. The diagnosis was made based on the results of 90 diopter lens slit-lamp biomicroscopy, fluorescein angiography, and indocyanine green angiography. Exudative AMD was diagnosed when there was evidence of hyperfluorescence with late leakage associated with pigment epithelial detachment in the macular region, serous retinal detachment, subretinal exudation, and hemorrhage. Only treatment-naïve eyes were included. Additional exclusion criteria included significant media opacity or a thick subfoveal hemorrhage that may preclude acquisition of a clear OCT image.
The horizontal scans centered at the center of the fovea were conducted using SD-OCT (Spectralis, Heidelberg Engineering GmbH, Heidelberg, Germany). Enhanced depth imaging OCT scaning was also performed in the same manner. To improve visualization, 70 to 100 scans were averaged for each section. The images were exported in the uncompressed Tag Image File Format (TIFF) and compressed in the Joint Photographic Experts Group (JPEG) format using the Heidelberg Eye Explorer software (version 1.7.0.0). The JPEG files with 100, 75, 50, 25, and 10% of the quality of JPEG images were exported. Eventually, six images with different formats (one TIFF image and five JPEG images with different degrees of compression) were exported and analyzed for a single OCT image. OCT images were taken before treatment, and after three times of monthly intravitreal ranibizumab injections. In eyes that had a relapse of the disease after treatment, the relapse was confirmed by fluorescein angiography, and OCT images were also taken at the time the relapse was diagnosed.
Outcome measures
Images were displayed on a 22-inch LCD screen with dimensions of 1280 Â 1024 pixels, using Image J software (National Institute of Health, Bethesda, MD, USA). The images were magnified to fit the size of the entire screen. The infrared image and scale bar were covered by an independent assistant because in our pilot study the infrared image was found to be easily distorted by image compression.
The images were analyzed in the following order. Firstly, the prevalence of subretinal and intraretinal fluids which may be crucial for determining the activity of the disorder was estimated. Secondly, comparison of the compressed JPEG images with the TIFF images was performed using a dual monitor system, by disguising the image that was compressed. Quality of the compressed images was classified as follows: A: indistinguishable from uncompressed image, B: hardly distinguishable, C: easily distinguishable, but may not influence the treatment decision. D: easily distinguishable, and improvement of the quality of the image will be necessary to establish the appropriate treatment decision. In cases where the graders determined that the quality of the compressed image was better, this image was classified as indistinguishable. After completing the aforementioned two analyses for all the images, the determinability of the subfoveal chorioscleral interface was estimated using the horizontal enhanced depth imaging OCT images taken before treatment. Classification of the determinability of the subfoveal chorio-scleral interface was as follows: easily determinable, hardly determinable, and undeterminable. Also, subfoveal choroidal thickness was measured for each enhanced depth imaging OCT image using a caliper provided by Image J software. Because a significant overestimation of the subfoveal choroidal thickness was noted when measurement was done using images with a 1 : 1 pixel setting, 17 all the measurements were performed using images with a 1 : 1 micron setting. Choroidal thickness of each TIFF image was measured twice by the same examiner (JHK) and the absolute value of the difference between the first and the second measurement was defined as the intra-observer variability in the TIFF image. To evaluate whether the difference in the choroidal thickness measurement between the TIFF and JPEG images was beyond the range of the intra-observer variability of the TIFF image, the absolute value of the difference in choroidal thickness between the TIFF and JPEG images was compared with the intra-observer variability in the TIFF image. Choroidal thickness measurements were conducted in random order with no consecutive measurements for the same image.
Two examiners (JHK and JRK) who were masked to the file format and the degree of compression of images jointly performed the qualitative enhanced depth imaging OCT analysis. The prevalence of intraretinal or subretinal fluid and determinability of the subfoveal chorio-scleral interface were determined by the agreement between the two examiners. The two examiners were masked to the file format and the degree of compression of the images.
The greatest degree of compression that satisfied the following two conditions was selected as the optimal degree of compression: (1) absolutely the same capability to detect subretinal and intraretinal fluids when compared with the TIFF image, and (2) no significant difference between the intra-observer choroidal thickness measurement variability in the TIFF image and difference in choroidal thickness between the TIFF image and compressed image.
Statistics
Statistical analyses were performed with the commercially available software package (SPSS version 18.0 for Windows; SPSS Inc., Chicago, IL, USA). A comparison of the choroidal thickness measurement values between the images with different degrees of compression was performed with repeated measures analysis of variance with Bonferroni's method. A P-valueo0.05 was considered significant.
Results
The mean ( ± standard deviation) age of 30 patients was 65.4 ± 7.0 years (range 51-84 years), and the mean spherical equivalent was 0.21 ± 1.56 diopters (range À 4.5 to þ 3.5 diopters). Table 1 summarizes the results of the analyses. In the analyses with the OCT images taken before treatment, the mean size of the TIFF and 100, 75, 50, 25, and 10% of the quality of the JPEG images were 2210 kb (kilobytes), 435.8 ± 40.9 kb, 109.0 ± 16.8 kb, 72.6 ± 11.7 kb, 46.4 ± 7.2 kb, and 25.8 ± 3.1 kb, respectively. The prevalence of subretinal and intraretinal fluids was completely matched among all images regardless of the degree of compression. The majority of the images with 100 or 75% quality of the JPEG images were indistinguishable or hardly distinguishable from the TIFF images. None of the images needed improvement in terms of quality to establish the appropriate treatment decision, despite the quality being easily distinguishable from that of the TIFF image in majority of the JPEG images with 25 and 10% quality (Figure 1) . The results were relatively consistent in the analyses with images taken after three times of monthly intravitreal ranibizumab injections. Although the presence of the intraretinal fluid was undeterminable in two (6.6%) images with 10% of quality of the JPEG image, improvement of the quality of the image was not needed to make an appropriate treatment decision. Relapse of the disease was documented in 12 eyes. The results of the analyses in these eyes were almost similar to those with images taken before the treatment. The prevalence of subretinal and intraretinal fluids was perfectly matched among all kinds of images and none of the images needed improvement in terms of quality.
The chorio-scleral interface was well-determined in 73.3% of the images with both TIFF and 100% of the quality of JPEG formats. The proportion was decreased to 60.0%, 53.3%, 36.7%, and 23.3% in compressed images with 75, 50, 25, and 10% of the quality of JPEG, respectively. An undeterminable chorio-scleral interface was noted in 3.3%, 3.3%, 3.3%, 3.3%, 10.0%, and 33.3% of the images among the TIFF images and images with 100, 75, 50, 25, and 10% of the quality of JPEG, respectively. Figure 2 shows the difference in determinability of the chorio-scleral interface between the TIFF and compressed image. The mean choroidal thicknesses measured based on the TIFF and 100, 75, 50, 25, and 10% of the quality of JPEG images were 209.8 ± 86.4 mm, 210.1 ± 86.4 mm, 210.2 ± 86.6 mm, 209.9 ± 84.7 mm, 211.9 ± 87.9 mm, and 212.9 ± 91.8 mm, respectively. In simple comparison, the choroidal thickness measured based on TIFF images was not significantly different from that measured based on JPEG images (P ¼ 0.984). The absolute value of intra-observer variability of the choroidal thickness measurement in TIFF images was 8.9 ± 6.2 mm. The absolute value of the difference in choroidal thickness measurement between TIFF and compressed images in images with 100, 75, 50, 25, and 10% of the quality of JPEG was 9.5 ± 4.7 mm, 9.4 ± 7.2 mm, 10.6 ± 7.4 mm, 16.0 ± 11.1 mm, and 18.2±12.3 mm, respectively. The absolute value of the difference in choroidal thickness measurement in JPEG images was significantly different from the intraobserver variability of TIFF images (P ¼ 0.022). The difference was not significant in images with 100, 75, and 50% quality of JPEG (P ¼ 1.000, P ¼ 1.000, and P ¼ 1.000, respectively), whereas the difference was significant in images with 25 and 10% quality of JPEG (P ¼ 0.029 and P ¼ 0.024, respectively).
Discussion
In the present study, a small amount of subretinal or intraretinal fluid that was observed in the uncompressed TIFF images can be detected in compressed JPEG images of 25% or better quality. However, at least 50% quality of JPEG was necessary for appropriate choroidal evaluation. As a result, compressed images with 50% quality of JPEG was found to be an optimal degree of compression that showed sufficient quality in evaluating both the retina and choroid in exudative AMD. Results of the present study may provide useful information when a clinician used compressed images.
An image with 100% quality of JPEG was almost the same as an uncompressed TIFF image, and the image with 75% of the quality of JPEG was not easily distinguishable from the TIFF image even in the magnified view. The prevalence of subretinal and intraretinal fluids, and subfoveal choroidal thickness was not different between the images with 75 or 100% quality of JPEG and TIFF images. The size of the compressed images with 100 and 75% quality of JPEG was only B1/5 and 1/20 of the TIFF images, respectively. Based on this result, it is possible that TIFF images can be substituted by compressed images of better than 75% of the quality of JPEG even for professional usage, such as for medical investigations or making figures for medical journals, as well as for treating patients.
The presence of subretinal and/or intraretinal fluid on an OCT image are signs indicating disease activity in exudative AMD. The presence or absence of these findings on OCT images provides useful information in determining the necessity for treatment. 18 We believe that complete agreement between a compressed image and an uncompressed image in detecting these findings will be Table 1 Size of the image, prevalence of subretinal and intraretinal fluids, quality of the image, determinability of the chorio-scleral interface, choroidal thickness, and absolute value of intra-observer variability of the choroidal thickness measurement, according to the file format and the degree of compression The quality of the image was classified as follows: A: indistinguishable from uncompressed image; B: hardly distinguishable; C: easily distinguishable, but may not influence treatment decision; D: easily distinguishable, and improvement of quality of image will be necessary to establish the appropriate treatment decision. The determinability of subfoveal chorio-scleral interface was classified as follows: easily determinable, hardly determinable, and undeterminable. DCT indicates the absolute value of the difference in choroidal thickness between the TIFF and JPEG images. a Significant results when compared with intra-observer measurement variability in TIFF images.
needed when we attempt to use a compressed image in treating patients because a mistake in determining the amount of fluid accumulation may lead to malpractice. It was notable that images with 25% quality of the JPEG showed complete agreement with the TIFF images in detecting subretinal and intraretinal fluid despite the mean size of images being B1/35 to 1/61 of the TIFF images. However, one weakness of the images with 25% quality of the JPEG was the insufficient quality of deeper tissue images. Approximately 63% of the images showed a hardly determinable or undeterminable subfoveal chorio-scleral interface in images with 25%. The proportion was only 27% in uncompressed TIFF images. Choroidal evaluation is important in the diagnosis and post-treatment follow-up of exudative AMD and allied diseases because polypoidal choroidal vasculopathy usually exhibits a thick choroid, 19, 20 whereas typical exudative AMD usually exhibits a thin choroid. 19, 20 In addition, a recent study suggested that investigating choroidal morphology as well as estimating choroidal thickness are also important in treating exudative AMD. 21 Given this, the uncompressed image may not be substitutable for images with 25% of the quality of JPEG in cases where the quality of the choroidal image is not sufficient.
Eventually, among the five different compression degrees, 50% quality of JPEG was found to be the optimal degree of image compression, achieving the smallest size of image without influencing the treatment decision. The mean size of the compressed images with 50% of the quality of JPEG images was only 1/22 to 1/40 of TIFF images. We believe that using this compressed image will provide more efficient data storage and faster data transmission.
In previous reports that investigated choroidal thickness using exported OCT images, the exact file format and degree of compression were not routinely described. The results of the present study show that using a high degree of image compression may lead to measurement error and this suggests that an uncompressed image or an image with a low degree of compression should be used in medical investigations.
This study has several limitations. First, the analyses were performed for only one of the various commercially available SD-OCT devices. Because the imaging algorithm and size of the raw file could be different among devices, our results may not be valid for other OCT devices. Second, image J software was used as the image viewer in this study. Because different image viewers may have different characteristics, our results may not be valid in some aspects if the clinician uses a different image viewer. Last, because only eyes with exudative AMD were included in this study, the optimal degree of image compression in other disorders needs further investigation.
In summary, we investigated the influence of image compression in eyes with exudative AMD using Spectralis OCT. We revealed that 50% or better quality of the JPEG image may not influence the treatment decision. Although even a small amount of subretinal Figure 2 The 1 : 1 micron setting enhanced depth imaging optical coherence tomography images with the Tag Image File Format (TIFF, top) and 50% (middle) and 10% (bottom) quality of Joint Photographic Experts Group (JPEG) compression format in an eye with exudative age-related macular degeneration. The subfoveal chorio-scleral interface, which is relatively well-identified in the TIFF image (top, arrowheads) is undeterminable in the 10% JPEG image (bottom). and intraretinal fluid can be detected in images with 25% of the quality of the JPEG, sufficient quality of choroidal images could be achieved in images with at least 50% of the quality of JPEG images. As a result, 50% of the quality of the JPEG images was found to have an optimal degree of compression in treating AMD when using the Spectralis OCT device. Investigating the influence of image compression in relation to other ophthalmologic devices and other retinal disorders would be of value.
Summary
What was known before K The influence of image compression on the interpretation of spectral-domain optical coherence tomography has not yet been investigated.
What this study adds
K Compressed spectral-domain optical coherence tomography images with 50% quality of Joint Photographic Experts Group (JPEG) can be used for efficient data storage and transfer without sacrificing image quality in age-related macular degeneration.
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